We aim to determine the usefulness of the Canadian Computed Tomography (CT) Head Rule in patients who present with minor and minimal head injury to the emergency department. Methods: Clinical information was retrospectively collected and the need for CT head was evaluated. The primary outcome measure was the requirement for neurological intervention. The secondary outcome measure was brain injury requiring admission or neurological follow-up. Results: A total of 1127 cases were reviewed. About 6.3% had clinically important brain injury; and 1.2% required neurological intervention. The high-risk factors were 45.2% sensitive (95% confidence interval [CI]=27.8-63.7%) and 76.2% specific (95% CI=73.5-78.7%) for predicting need for neurological intervention. All seven risk factors were 73.2% sensitive (95% CI=61.2-82.7%) and 69.8% specific (95% CI=66.9-72.5%) for predicting clinically important brain injury. Overall, the rule had a positive predictive value of 14.0 (95% CI=10.7-18.1) and negative predictive value of 97.5 (95% CI=96.0-98.4). Conclusions: In this retrospective validation of the Canadian CT Head Rule in the Singaporean context, we conclude that the lower sensitivity of the rule could be attributed to local neurosurgical practice, lack of application of the rule among clinicians and inclusion of patients with minimal head injury. Practically, the high NPV will mean that patients who do not fulfill the rule can be safely discharged with head injury advice, without the need for a scan. The judicious use of CT head can achieve savings for our health-care system. (Hong Kong j. 
Introduction
Head injury is a common presentation to the emergency department. The majority of these consist of minor and minimal head injury. In Singapore, 4771 cases of minor head injury were admitted to seven public hospitals between 1 February 2013 and 31 January 2014. 1 The worry for any patient and physician is intracranial haemorrhage which is associated with significant morbidity and mortality if detected late. As such, the use of computed tomography (CT) 2 allows early diagnosis of intracranial bleeding to facilitate prompt neurosurgical intervention if needed.
There are two challenges for emergency physicians dealing with head injury in Singapore. Firstly, patients often request for CT to be done following minor or minimal head injury despite a lack of clinical indication. Next, there is no locally validated rule for determining if there is a need for CT in these patients -clinicians either depend on clinical acumen or apply clinical decision rules with skepticism.
The Canadian CT Head Rule was chosen for its reported high sensitivity based on the risk factors (Table  1) , 3 making it a useful tool to rule out intracranial bleeding in the emergency department. Compared to other clinical decision rules such as the New Orleans Criteria, the Canadian CT Head Rule has a higher sensitivity and a higher negative predictive value. 4 Furthermore, external validations have been done in several other countries with similar results.
5,6

Patients and methods
Study population and study design
A retrospective observational study was carried out. All cases presented to the emergency department of a public hospital from January 2009 to April 2009 with a diagnosis indicating trauma to the head were reviewed. Patients presenting with minor and minimal head injury were included into the study. Minor head injury is defined as witnessed loss of consciousness, definite amnesia, or witnessed disorientation in a patient with a Glasgow Coma Score (GCS) of 13-15. Minimal head injur y is defined as no loss of consciousness, amnesia or disorientation in a patient with a GCS of 15. We excluded patients if they: were less than 16 years old; had no clear history of trauma as the primary event (e.g., primary seizure or syncope); had an obvious penetrating skull injury or obvious depressed fracture, had acute focal neurological deficit; had unstable vital signs associated with major trauma; had had a seizure before assessment in the emergency department; had a bleeding disorder or used oral anticoagulants (i.e., coumadin); had returned for reassessment of the same head injury; or were pregnant.
After identifying the patients for our study, their medical records were accessed for data collection using a standardised form. Information including high and medium risk factors as defined by the Canadian CT PPV for all all seven factors for clinically important brain injury:
NPV all seven factors for clinically important brain injury:
• 99.7%
Adapted from source: The Canadian CT Head Rule for patients with minor head injury Head Rule, abnormality present if a CT head was performed, the need for neurological intervention, and admission or neurological follow up were collected and subsequently used for analysis.
As per the Canadian CT Head Rule, the primary outcome was need for neurological intervention. This was defined as death within 7 days, craniotomy, elevation of skull fracture, intracranial pressure monitoring, or intubation for head injury. The secondary outcome measure was clinically important brain injury on CT requiring admission or neurological follow-up. All brain injuries were judged clinically important unless the patient was neurologically intact and had one of these lesions on CT: solitary contusion less than 5 mm in diameter; localised subarachnoid blood less than 1 mm thick; smear subdural haematoma less than 4 mm thick; isolated pneumocephaly, or closed depressed skull fracture not through the inner table. We aligned our outcomes measures as per the Canadian CT Head Rule. The CTs were reported by radiologists based in the hospital.
This study had been approved by the Institutional Review Board at Singhealth, Singapore.
Statistical analysis
The sensitivity, specificity, positive predictive value (PPV) and negative predictive value (NPV) of the high risk and medium risk factors of the Canadian CT Head Rule in the Singaporean context were determined using SPSS version 16.
Results
A total of 1127 cases were reviewed with 29.4% of these patients having CT done. Seventy-one (6.3%) patients had clinically important finding (Table 2) . Sixty-seven patients were admitted, with 31 (46.3%) patients having undergone neurological intervention.
The high-risk factors were 45.2% sensitive (95% confidence interval [CI]=27.8-63.7%) and 76.2% specific (95% CI=73.5-78.7%) for predicting need for neurological intervention (Table 3 ). All seven risk factors were 73.2% sensitive (95% CI=61.2-82.7%) and 69.8% specific (95% CI=66.9-72.5%) for predicting clinically important brain injury on CT (Table 4) . Overall, the seven risk factors of the Canadian CT Head Rule had a positive predictive value (PPV) of 14.0 (95% CI=10.7-18.1) and a negative predictive value (NPV) of 97.5 (95% CI=96.0-98.4). (Table 5) . One patient sustained a right epidural haemorrhage and a left subdural haemorrhage which required evacuation and intracranial pressure monitoring. The rest of the patients were admitted for observation and did not require any neurological intervention.
Three main factors could account for this difference − local neurosurgical practice, inclusion of patients with minimal head injury and retrospective data collection.
Firstly, the definition of clinically important brain injury was obtained in the original paper via a formal survey among neuro-surgeons, neuro-radiologists and emergency physicians. In our study, 53.7% of patients who were admitted with brain injury on CT did not undergo neurosurgical intervention which would have been performed in other countries with different local institutional practice, thus reducing the sensitivity of the rule. With our results, we hope that by engaging local neuro-surgeons, neuro-radiologists and emergency physicians in a discussion, we can help define local guidelines in management of CT abnormality following head injury.
Secondly, while the Canadian CT Head Rule was intended for use in patients with minor head injury, we included patients with minimal head injury in our study as we wanted to address the clinical problem we face in our department − this subgroup of patients demanding a CT due to concerns of CT abnormality.
Although the risk factors identified in the Canadian CT Head Rule were not gathered from patients with minimal head injury, we wanted to find out if the rule could be used to aid decision-making as to whether CT could be safely omitted for them. Given our NPV of 97.5%, the clinician may reassure patients that if they do not satisfy all the risk factors in the Canadian CT Head Rule, the probability of a normal CT is 97.5%, supporting the lack of clinical indication for CT, thereby reducing radiation exposure and healthcare cost.
Lastly, being a retrospective study, the study had its limitation that not all risk factors listed in the Canadian CT Head Rule were captured in the case records at the point of consultation. The sensitivity of the Canadian CT Head Rule in the study might be affected as some patients with a positive scan might have significant risk factors but not documented. This was due to the lack of an established national or individual hospital guideline in deciding need for CT head. Physicians could also make a decision for CT head based on clinical judgement or other clinical decision rules such as the New Orleans Criteria (NOC) and CT in Head Injury Patients (CHIP Prediction Rule). Differences between the NOC and the Canadian CT Heal Rule include the age cutoff of 60 years old in the NOC compared to 65 years old in the Canadian CT Head Rule, presence of headache, intoxication, seizure and trauma above the clavicle as criteria in the NOC; and evidence of skull fracture and mechanism of injury in the Canadian CT Head Rule. These two rules apply only to patients with a history of loss of consciousness, which is frequently absent. 7 CHIP was developed for use in patients with minor head injury, regardless of the presence or absence of a history of loss of consciousness.
Further studies can include prospective validation of the Canadian CT Head Rule and identification of risk factors for significant head injury in the Singaporean population and practice.
Conclusion
Clinical prediction rules have been widely established across various specialties to aid physician in making clinical decisions but it should not take over the clinical decision making process. Within the limits of this retrospective study, our study does not show that the Canadian CT Head Rule can be useful in identifying patients deserving of a CT scan. However, it can identify patients who do not require a scan and can be discharged from the emergency department with reassurance and head injury advice. It must be made relevant to local clinical practice to allow both prompt detection with intervention or safe discharge of patients from the emergency department.
